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Abstract 
The Experimental Advanced Superconducting Tokamak (EAST) is the first whole superconducting divertor 
tokamak commissioned in the world [1]. The first limiter plasma was obtained in 2006 and the single null and 
double null divertor plasma in 2007. After the 2nd campaign in 2007 with full metal first walls, the plasma facing 
components were modified to full doped graphite walls and vacuum system was upgraded to meet the requirement 
of particles exhaust [2 3]. The vacuum system is one of the most fundamental and important sub-systems of the 
EAST. The Vacuum Measuring System (VMS) is required not only for the basic vacuum operation, but also for 
physics research, such as for wall conditioning, wall retention and divertor physics and so on. The VMS for device 
and vacuum system operation, wall conditioning and physics research will be introduced, in this paper. 
© 2009 Published by Elsevier B.V. 
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1. Introduction
EAST is non-circular cross section advanced steady-state experimental device and the first entirely 
superconducting tokamak in the world. It has a major radius of R=1.75 m, a minor radius of a = 0.4 m. 
The scientific mission of the EAST project is to study the physics issues involved in advanced steady 
state tokamak devices [1]. EAST is a complicated plasma experimental device which consists of 
superconducting magnets, cryogenics, vacuum, power supply, auxiliary heat and diagnostic subsystem 
and so on. The vacuum system is one of the most fundamental and important sub-systems of EAST 
device.
The VMS is composed of a few pressure gauges and Quadrupole Mass Spectrometers (QMSs) distributed 
all around the torus and pumping ducts. It covered the measurement from atmosphere to a few 10-7Pa.
And all pressure data are recorded remotely. The VMS is required not only for the operation, but also for 
physics research, such as for wall conditioning, wall retention and divertor physics. Most of the pressure 
gauges used to measure the total pressure with a time resolution of 1s are located around the vacuum 
chambers and in the pumping ducts, which is used for operation monitor for safety of the machine and 
vacuum system. The ASDEX gauge provide high time resolution measurements at a frequency of 1 kHz 
are located under the outer divertor plate, which is useful for the research of divertor physics. In addition, 
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some of cold-cathode ionization gauges provide high time resolution measurements are located at the duct 
pumping. QMSs are used for partial pressure measurements. Some of them are located close to the 
entrance of the pumping ducts (in-situ QMSs) and provide data during normal plasma operation. The 
other is located in a Residual Gas Sampling System (RGSS) and is used during specific phases – as 
conditioning - where the pressure in the vacuum chamber is too high for the in-situ QMSs. 
Such measuring system has been employed on the EAST since 2006. It provided the appropriate and 
essential vacuum data for operation and physics research. In this paper the VMS will be introduced. 
2. Vacuum system 
The EAST vacuum system composed of a few independent chambers, Plasma Vacuum Vessel (PVV), 
Cryostat Vacuum Vessel (CVV) and Cryogenic Valve Box vacuum chamber (CVB). The PVV consists of 
16 completely welded stainless steel sections. The volume of PVV is about 40 m3 excluding 48 ports. 
Plasma facing surface is about 60m2. The surface of vessel walls, including window ports, is about 162 
m2. CVV has two parts, main body and current lead part. The former contains all the superconducting 
coils and inner and outer thermal shields with the volume of about 160 m3. The later is comprised of two 
Current Lead Tanks (CLT) and current lead transfer lines, and the volume is about 22 m3. CVB contains 
the valves controlling the flow of the cryogenic circuits inside CVV, and it is an independent chamber. 
The volume is about 16 m3 [2 4 5].  
The vacuum requirements are not same for the different chambers. For PVV, its main destination is to 
provide a good ultimate pressure for plasma operation. The design value is 1.3²10-5 Pa. For CVV, it’s 
required that the pressure should be low enough for a good thermal isolation, whereas it’s crucial for 
superconducting device to have higher vacuum for better electrical isolation after the coils are charged. 
The design specifications are <1²10-1 Pa at room temperature and <5²10-4 Pa at superconducting state. 
For CVB, design requirements are not as high as those for CVV and PVV. 
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Figure 1. Distribution of vacuum measuring system on EAST 
3. Vacuum measuring system
The VMS on EAST consists of 10 PVV measuring Stations (PSs), 8 CVV measuring Stations (CSs), 1 
CVB measuring Station (BS) and RGSS composed of 1 turbo-molecular pump and 1dry pump to 
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maintain the pressure for QMS work, as shown in figure 1. For PSs, the 9 of them that connected to PVV 
through tubes are show in figure 1, the 10th PVV Measuring Station (MS) is an in-situ measurement 
station with ASDEX gauge. The 94 pressure gauges and 4 QMSs compose the VMS and the detail of 
gauges is shown in table 1. 
Type Range(Pa) Bake (ć) Number
DL-4 1E5~1E2 100 2 
ZJ-10 1E2~3E-4 450 24 
ZJ-27 1E0~1E-5 450 8 
DL-7 1E-1~5E-8 450 27 
TPR280 1E5~5E-2 150 6 
PKR251 1E5~5E-7 150 13 
CMR271 1.1E5~1E1 80 2 
CDG025 1.3E5~1E1 80 1 
APR262 2.2E5~2E1 80 6 
APR265 5.5E5~5E1 80 5 
Table 1. Details of gauges on EAST 
The VMS is competent to covered the measurement from atmosphere to a few 10-7Pa.  And all pressure 
data include total and partial are recorded remotely. The VMS is required not only for the operation of 
device and vacuum system, but also for physics research. 
3.1  Device and vacuum system operation 
During plasma operation the vacuum status of independent chambers and the condition of vacuum 
systems should be monitored real-timely, PKR-251s on stations of PS5, CS2, CS4, CS6, CS8 and BS are 
used to judge the status of PVV, CVV, current lead, CLT2, CLT1 and CVB chambers and their main 
pumps condition respectively, and TPR-280s on stations of PS1 and CS1 are used to estimate the 
condition of fore pumps status of CVV and PVV  respectively. The PKR-251 is a kind of cold cathode 
full range pressure gauge, it is convenient for data acquisition but its biggest defect is easy to be poisoned. 
In this situation, for PVV, a calibrated gauge is installed on PS2 to calibrate the other gauges of PVV; For 
CVV, the pressure is almost keep constant and there is no discharge normally, during operation. The low-
level alarm signal is provide by PKR-251, but the high-level alarm signal (e.g. demagnetization, 
protecting gas puff, interlocking action) is provide by a stable gauge (ZJ-27). 
For PVV, the total pressure is not enough for plasma operation, so the QMS on PS5 is introduced to 
estimate the partial pressure of impurities to valuate if it is still proper to operate plasma. For CVV, the 
species of impurity could detect the small leak and/or tell the internal leak from external leak. The 
monitoring data are recorded in 1Hz totally. 
3.2  Wall conditioning 
Proper wall conditionings have been developed to get plasma with low impurity level. The main issues 
are controlling the generation of plasma impurities, liberated by plasma surface interactions, and 
controlling the recycling. Backing, Glow Discharge Cleaning (GDC) and Ion Cyclotron Resonance 
Discharge Cleaning (ICR-DC) are routine wall conditioning methods on the EAST. 
During wall conditioning, the PKR-251 on PS4 is used to monitor and feedback control the vacuum 
pressure. In this phase, the gauge and QMS are polluted frequently, so there is another pressure gauge on 
PS4 for backup and all the other PSs are shut down except for PS3 (2 gauges) and PS4 (1 gauge and 1 
QMS). In order to prevent the oxygen of H2O is implanted in the first wall during GDC, the partial 
pressure of water should be lower than a specific value, before the GDC. However, the normal pressure of 
this phase (wall conditioning) is impossible for QMS work (QMS is necessary to get the partial pressure). 
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With pressure limiting orifice and RGSS, PS3 could maintain a proper pressure for QMS to evaluate the 
impurity level and removal rate during wall conditioning. 
3.3  Physics research  
Two crucial issues of the operation of existing and future fusion experiments are strongly influenced by 
the neutral gas environment of the plasma. High energy confinement and good performance of H-mode 
plasmas call for an as low as possible neutral gas density at the surface of the main plasma. The reduction 
of power load and erosion on the collector plates call for an as high as possible neutral gas density in the 
divertor. Both conditions can be fulfilled simultaneously only by appropriate mechanical structures and 
operational scenarios. Whereas, compositional analysis of the neutral gas in divertor of advance tokamak 
with high time (1K Hz) resolution is  important for understanding particle transport in the boundary 
region and the role of the divertor plays in particle, impurity and isotopic ratio control. With the limitation 
of tube conductance, normal measurement has a low time resolution. In this respect, in-situ ASDEX 
gauge is installed in PS10 (just below the lower outer targets) to study the divertor physics. When plasma 
current arrives 1 MA, the poloidal field (Bp) is about 0.23 T, but the toroidal field (Bt) is great than 2 T 
normally. In the other words, the biggest included angle is less than 6°, if the gauge is installed following 
the direction of Bt.
Fuel retention is one of the crucial points to be investigated for next step fusion devices using plasma 
facing components of carbon, particularly for the long discharges foreseen in ITER. The method of 
particle balance, as a convenient and real time measurement is widely used in today’s tokamaks (Tore 
Supra, LHD,AUG, JET) around the word. With the help of QMS, three 100 Hz gauges on PS5, PS8 and 
PS9 that located at pumping ducts entrance could calculate the pumped deuterium (Qpump), and the puffed 
deuterium (Qpuff) could be calculated through the volume of fueling tank and the pressure difference of 
tank, at last, the approximate retention (Qretention) could be calculated easily with the function Qretention=
Qpuff- Qpump.
4. Summary 
The EAST VMS is commissioned. From 2006 the VMS was accomplished, the system was upgraded a 
few times, according to the different requirements of vacuum system and/or plasma research. This paper 
introduced is the newest VMS in 2010, considering the requirement of  divertor physics, the other 
ASDEX gauge will be installed in the upper divertor. The VMS is always fulfilled its design goal of 
engineering and physics. 
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